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Motivation
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• L-band Interferometric SAR for measurement of surface deformation and
surface strain accumulation due to seismic and volcanic activity, and natural
and manmade hazard monitoring, assessment and disaster response

• L-band Polarimetric SAR for measurement of soil moisture,  biomass, land
cover change, ice sheet motion

Applications

• NASA spaceborne SAR missions require large,
lightweight, high power, electronically-steerable
L-band phased-array antennas.

• High efficiency T/R modules enable increased transmit power
or better use of limited resources.
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Objectives

Approach

Develop a high-power (>30W), high-efficiency
(>70%), broadband (>80MHz)  L-band (1250 MHz)
T/R module for use in SAR antennas.

•Develop a product line of high-efficiency PAs (30W,  70W)
for use in the L-band T/R module

•Develop a common 3W T/R driver

•Integrate the PA with the 3W T/R driver

Investigate GaAs Class-A/B power amplifiers and LDMOS Class-
E/F power amplifiers for use in high-efficiency T/R modules.



L-band T/R module block diagram
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30 Watt GaAs Class-A/B Amplifier
Simplified Schematic
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Power Output vs. Frequency
of Class-A/B PA with Circulator

High Efficiency L-band T/R Module:
Development Results

Drain Efficiency vs. Frequency
of Class-A/B PA with Circulator

•33.5 W
•11 dB Gain   
•130 MHz bandwidth

69% drain efficiency



Push-Pull Class-E/F Power Amplifier

• There are different classes of switching amplifiers
– Class D, Class E, and Class F

• Class-E/F amplifiers combines advantages of class-E and class-F amplifiers

– The self-inductance of output balun
and the device output capacitance
form a resonance at the
fundamental frequency.

– Higher operating frequency
– Uses symmetry for harmonic tuning
– Higher efficiency and output power
– Low peak voltage and RMS current
– Simple and compact
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Input & Output Balun
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Broadside-Coupling Microstrip Balun
 - High coupling coefficient (k~0.75)
 - Compact layout with reduced inductance
 - Good balance in magnitude and phase
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Interdigital Balun
- Improved coupling coefficient (k ~ 0.5)
- Inductance limited operating frequency

Microstrip Balun
 - Low coupling coefficient (k ~ 0.35)
 - Insufficient coupling to realize an amplifier.



Simplified schematic and photograph of the LDMOS Push-
Pull Class-E/F power amplifier with broadside coupling balun.
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Class-E/F Amplifier Performance (2)
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LD-MOS Class-E/F PA Progress
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Performance Comparison
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 Integrated T/R Modules

Module # 1
(w/ 30W Class-A/B PA)

Module # 2
(w/ 70W Class-E/F PA)
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Integrated T/R Module:  Common 3W T/R Driver
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T/R MODULE AUTOMATIC TEST STATION
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TOP SIDE
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BOTTOM SIDE
Size and Mass Reduction

4.7” x 2.6”  x 0.94”

175 g



T/R Module Performance vs. Goals
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Summary 
• Demonstrated a 36W L-band Class-A/B PA with 69% PAE

• Demonstrated a 74W L-band Class-E/F PA with 67% PAE

• Developed a 3W T/R Module Driver

• Integrated the Class-A/B PA with the 3W T/R driver and
demonstrated 33W with an overall module efficiency of 60%.

• Integrated the Class-E/F PA with the 3W T/R driver and
demonstrated 45W with an overall module efficiency of
58%.

• Initiated development of a 5W driver amplifier for the 70W
PA to increase power and efficiency of the second module.

• A lower mass T/R module is in development.
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